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[57] ABSTRACT 

A body implantable intravascular lead with a first layer 
of plastic defining a tube having a precision lumen 
therein and at least one electrical conductor wrapped 
helically along the length of one or more plastic layers 
The conductors are substantially parallel along the axis 
at each end for ease of connection to electrodes and the 
helical wrap of the conductors may vary throughout 
the length to form a first length having a first flexibility 
and a second length having a greater flexibility incapa- 
ble of sustaining the same axial mechanical loading. The 
conductive wires are overlaid with one or more layers 
of plastic separately insulating the wires from each 
other. 

8 Claims, 8 Drawing Figures 
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.,„. T .„_„,.. m „ wluch wl " require single or multiple conductors. Pace- 

HOLLOW CONDUCTIVE MEDICAL TUBING maker applications may now include feedback monitor- 

. _ . . , in 8» pressure transducers and other circuits. Most new 

This is a continuation-in-part of cc-pendmg U.S. ap- lead applications will require multiple insulated conduc- 

phcation Ser. No. 382,568, filed May 17, 1982, entitled 3 tors with low resistance. However, all of the flexibility 

Process for Forming Hollow Tubing" now aban- and strength requirements of the prior art catheters and 

00ned - pacemaker leads must still be retained. 

I. DESCRIPTION Braided tube designs, such as Stevens, are not as 

, flexible as desired due to the interlocking opposing helix 

1. Field of the Invention 10 wires. If more conductors were desired with such a 
This invention relates to hollow tubing formed with design, a second layer of braid would have to be ap- 

separately insulated conductors. The tubing is espe- plied, increasing the size and rigidity of the tubing, 

cially adapted , for implantation in the human body, Multiple wires of braid would provide unacceptable 

particularly for pacemaker leads. flex characteristics and would increase the overall di- 

2. Description of the Prior Art is araeter, restricting use to larger veins. Connections to 
Hollow tubing used in medical devices, such as pace- electrodes and other devices to the individual braid 

maker leads and catheters, requires accurate sizing and layers are difficult and may result in short circuiting, 

specialty designs for strength, flexibility and electrical 8 

conductance of signals. BRIEF SUMMARY OF THE INVENTION 

Primary' requirements of pacemaker leads are that 20 The present invention comprises lead construction 
they be fatigue-resistant to a high degree. They must be having uniform interior wall diameter hollow tubing 
capable of withstanding constantly, rapidly repeated with multi-filar electrical conductors separately ar- 
flexing over a long period of time. The conductor and ranged so as to provide multiple conductors, helically 
its insulation must be capable of withstanding repeated wound about the tubing in varying pitch. Such a con- 
lateral and axial flexing without failure producing fa- 25 structioh provides easier attachment points for connect- 
tigue. In addition, they must be able to withstand mo- ing electrodes to the conductors and allows for varia- 
mentary elongation, such as produced by movement of tion of the flexibility of the completed catheter or pace- 
tne chest cavity during respiration. Also, when im- maker lead over its length 

planted in a youth whose body size will increase, the The hollow tubing is formed on a continuous core 

electrode and lead must be capable of accommodating 30 which remains in place during the forming steps. The 

such growth. core material must have relatively high elongation char- 

Standard pacemaker leads utilize coiled wire slipped acteristics which allow it to be elongated to accomplish 

in urethane or silicone tubes as a conductor for pacing. release as will be described hereinbelow. Core material 

Multi-pacing now requires two or more separate con- may be metal or non-metal, such as plastic, depending 

ductors in the lead which requires insulation between 35 on the cure temperaiures or other processing conditions 

the conductors. In most leads, the internal bore of the of the material used to form the tubing on the core. A 

lead must be open, having a uniform diameter bore, first layer of plastic coats the core after being applied by 

such that a stylet may be readily passed into the lead. a cross head extruder or the like. The coating is then 

An mtravascular catheter is disclosed in Stevens U.S. quenched, cured or otherwise processed as required by 
Pat. Nos. 3,485,234 and 3,585,707. In Stevens, a silver 40 the particular plastic chosen. The coated core is pulled 
wire is coated with a first plastic extrusion over which by a capstan drive to a rotor table with a varying num- 
a braided wire is laid for strength. A second plastic ber of spools that supply conductive wire. Conductive 
extrusion overlays the first extrusion binding the braid wires are laid under equal tension upon the coated core 
^ . klT trU 5 P i aSt ! C la y ere; . The 8«ver wire is with uniform spacing, such that a multiple helix is 
pulled at both ends, reducing its diameter, and is re- 45 formed. At selected intervals, the rotor table motor's 
moved. A tube is thus formed. The hollow tube has a speed is varied in comparison to the capstan drive 
very uniform internal diameter, and the braid, accord- speed, changing the pitch of the helices thus formed. In 
ing to Stevens, provides torsional strength. Although this manner, a length of tubing formed can have varying 
not appreciated by Stevens, the braid could be used as a degrees of flexibility along its length due to the tight- 
single conductive lead if the ends were adapted for 50 ness of the coils formed about it. Electrical connections 

m Sd 8 ,^ S ?7 6 / , , „ to the ends are also much easier due to the allowance 

Bolduc U.S. Pat. No. 3,572,344 discloses a lead con- for greater spacing between each conductive wire when 
struction utilizing multiple conductors, commonly the pitch of the helices are steep. 

^H 88 ^U 1 " 1 " ^ hdica11 ? w . rapped around a 71,6 coa,ed core with conductors in place is passed 
sol d core. When used as a pacemaker lead, no stiffening 55 through a second crosshead extruder or other means to 

SSf i" du . c .'? f the . sohd core ; Bolduc ' 8 *PP»- apply a top layer of plastic material. This second plastic 

ta.2£K.Y;?H a x , i 35 £ 18 d,SC 0SeS 8 "F* choscn - layers ofplastic and/or conduc- 

SfiSStiS? *2 i c 1 em 5'° y ? 8 °° iIed tors m8y te formed bv addi "S crosshead "traders and- 
conductor within the lumen of a nonconductive tubing 60 /or rotor tables for applying conductors. 

wM.'-W a"? *\ « mtains l tin * ! 1 wire f o«"«i Upon completion^ the forming of the tube structure 
SS^JST V*Z> \ Sty ? , may ^ en b ? inSerted int0 with core in P Iace ' il is «* into desired lengths with 
the ^ ad S fa v lll,8te ,m P antat i on - Tta tinsel allowance of an additional core length at each end to 
«w *T i th !. heart f mUSC ' e * free from facUitate core removal - A ^ort length of the tubing 

^L, t„ ^ n ^J° adme f0rCeS ' thereby lesseni ng« material is stripped from each end of these lengths to 
a • , . ex P 0Se the core material which is then clamped and 

JSZS*^T? t m eS ' red , t0 "°- ° n L y i ra 1? p0rt * pulled - M the core raateri ai ^ongates. its cross-sec 
and liquids, but to sense and monitor body functions tional area decreases, freeing it from the inner wall of 
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the tubing. The core is then removed by pulling it from DETAILED DESCRIPTION OF THE 

the tubing. The tubing inside diameter and finish con- INVENTION 

form substantially to the core's outside diameter and m , through 7> w wire 1Qcom . 

™. hrMnu rnndnctive tubine thus formed has a very 5 posed of annealed copper wire is fed from supply spool 

through veins without excessive l0 ^silicon polymer, such as that sold 

through heart valves without causing damage to the ^^^^ SILASTIC® sold by Dow Cor- 
tissue. Multiple conductors are available, each sepa- * Corporation , or any oth cr suitable, nbnconductive 
rated from the other by the <^^^^ JSfc. Other coiling materials may be used, but the 
which serves as an insulation material The redundancy ^ ^ ^ * eferred ^ structure and opera- 
required in medical applications can be easily provided Qf crossnead extruders are well known in the plas- 
by the multiple conductors thus formed. For example, ir ^ f(ym ^ ^ necd QOt bc descr ibed in detail 
two conductors are needed, eight may be formed creat- wife 1Q cntm a crosshead extruder 14 and 
ing a redundancy factor of four tunes. ft ider ti 16 ( shown j n piG. 2) which is surrounded 
As already pointed out, tubing thus formed has a very g heated head block lg intQ which ^ molten plastic 
uniform bore. Tolerances as close as ±0.0001 inch may 2Q material is fed fluid plast i c entering.at port 19 from 
readily be achieved. An accurate inner diameter allows ^ extruder pump ts extruded as a small tube from a 
a smaller stylet to be used in positioning the lead or reservo j r cavity 20 over guider tip 16 and core wire 10 
catheter in the body. A smaller stylet, in turn, means ^ . g drawn Qnto wire 10 as i nd j pated generally in FIG. 
that the entire lead itself can be of smaller cross-sec- by the running speed and the raeitetf viscosity of the 
tiohal area. Another advantage of the tubing thus ^ fluid plastic A vacuum attachment . 21 may be used for 
formed is that its axial mechanical loading charactertis- the draw ^ own 0 f fluid plastic to core wire 10. Face- 
tics can vary over the length of the tubing as desired. plate 22 dra ws down the outside diameter of first cpat- 
For example, by varying the pitch of the conductor mg 13 on w j re core 10 as it exits the extruder, the 
helix, tubing can be formed such that it is stiffer at one coat ed core wire then passes through a cold-water 
end and more flexible on the other end. Other variations 30 quencn or ove n 24 into a capstan drive 26. 
along the length may be provided as desired. This is a Rotor toWe 2 $ is divided into spaced segments with 
distinct advantage as seen in U.S. Pat. No. 4,135,518 to spools 27 of conductive wire 30 mounted thereon. 
Dutcher, which is incorporated herein by reference. Equal tension is applied to all spools 27 by means of a 
' The helical winding of the conductors provides opti- regulated air supply through a rotary air joint in rotor 
mal strain distribution, permits elongation and allows 35 ^le 28 and through a manifold to piston brakes (not 
multiple conductor placement on a single layer. Multi- shown) at each spool. Each spool 27 on the rotor table 
pie conductor tubing based on the Stevens patents 28 supplies a separate conductive wire. In FIG. 1, eight 
would be very bulky in comparison, having layer upon spools 27 are shown in equally spaced segments on the 
layer of insulation with braided material in between rotor table 28. Wires 30 are preferably made of corrp- 
each layer. Such a construction would be unacceptably 40 s i on resistant, electrically conductive material, e.g. plat- 
thick and would be stiff throughout its length. inum or platinum iridium alloy, a metal oxide, stainless 
Still another advantage of the present invention is s teel or a carbon compound. Preferred wire types are 
that, by varying the pitch of the helices, a length of platinum iridium alloys, DBS wire of Fort Wayne Met- 
tubing may be formed whereby the conductors are als, and the medical industry wire designated MP35. All 
substantially parallel at each end of trie tubing length. 45 eight conductive wires may initially be taped to the 
Electrical connections at each end are made easier due coated core with thin film tope (not shown) to anchor 
to the fact that each conductor is spaced further apart the conductive wires to the coated core. Polyethylene 
from the other than in a helix. terephthalate sold under the trademark MYLAR ®, 
^ WT „ ^ 0 A „ fTKTO<? 0.002 inches thick, is a suitable tape for this purpose. 
BRIEF DESCRIPTION OF THE DRAWINGS 5Q ^ ^ secufCS conductive wires 30 to the coated core 

The detailed description of the invention including a a t the start-up of the winding run. During the run, addi- 

preferred embodiment is hereinafter described with tional tape is not needed since tension can be maintained 

specific reference being made to the drawings in which: after the ends of the conductive wires 30 are fixed by 

FIG. 1 is a schematic diagram of typical equipment the tape, 

used in the various steps involved in producing hollow 55 As the rotor table 28 revolves, conductive wires 30 

conductive tubing according to the present invention; . are wrapped about the.coated core in a helical manner. 

FIG. 2 is a schematic cross-sectional view of a cross- The pitch of the multiple helices formed by the conduc- 

head extruder with crosshead die and core material in tive wires being wrapped on the coated core by rotor 

place, with a showing of an enlarged portion 2A; table 28 is varied in operation as desired. An electrome- 

FIGS. 3 and 4 demonstrate schematically the cross- 60 chanical clutch means can be used to disengage the 

sectional area change in the core during the elonga- . table while the capstan drive is still operating. Wires 30 

tion/release step- would then be laid in a parallel, rather than helical, 

FIG 5 is an enlarged view of the rotor table of FIG. arrangement. A preferred form is to have the motor for 

1 with eight spools and two spacing gaps; the rotor table 28 and the capstan drive 26 synchro- 

FIG.6isanend view of the body implantable lead of 65 nized. The motor for the rotor table 28 can then be 

the example- and slowed or even stopped as desired to alter the pitch ot 
. FIG. 7 is a perspective view of the body implantable . the helix wrapping as formed while the core or capstan 

lead of the invention formed with two conductors. drive 26 is continually kept on. 
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Body implantable leads used in pacemaker lead appli- its ultimate elongation. The core 10 may be pulled from 

cations require great flexibility and the distal end that both ends by a pair of movable clamps also. In either 

contacts the heart muscle must be incapable of sustain- event, the result is the same, i.e., both of the core ends 

mg an axial mechanical load. As noted in Dutcher, U.S. are pulled apart simultaneously to cause elongation of 

Pat. No. 4,435,518, scarring of heart tissue is lessened 5 the core. As core wire 10 stretches upon elongation, it 

when the distal end of the lead is very flexible and inca- diminishes in cross-sectional area and releases internally 

pable ofsustaining a great axial mechanical force on the from the coating material It See FIG. 4. This allows 

tissue. The proximal end of the lead, usually attached to coated material 11 to be easily separated from stretched 

the wall of the chest, may not require the same axial cor e wire 10, thus providing hollow body implantable 

characteristics. In the process according to the present 10 leads 

invention, the axial torque characteristics can be varied Us i ng wire-forming technology, an annealed copper 

tSTJ ^ f ^ e lead or at des ^ d locations along the corew & 10 has di LnsionaJ tolerance of ±0.OM)I 

conductors substantially in" parallel formed when the ZL^t^TSS wS 8 * 7* 
rotor table 28 is stopped. Attachment of the lead to ZSaSSS SSZ ? tl T *!. ™ ? * 
electrodes or other devices is made easier due to the fn^r diameter stiffening stylet to be used That, m 
increased separation of each conductor wire 30 from 20 fliows cons ruction of a smaller overall diameter 
the other. At the distal end of the lead, the rotor table 28 bod ? im P ,antable ,ead which » desirable when the leads 
revolves quickly, laying down a wrap of conductive mU ^ paSS f° S ™ U ve,ns n or a ??" es ; 
wires 30 with little pitch to the helix formed. This coil . ^ ™^nab.^»^ generally exhibit elongation on 
region is very flexible and is incapable of sustaining a . e of about 5-35%,.depending on the character- 
great axial mechanical force on tissue. In areas along the 25 of first coatln 8 11 a PP lied t0 the core 10 In 
lead where greater force tolerance is desired, rotor table order to release the tubing when the core is stretched. 
28 rotates slower, laying a wrap with a greater pitch characteristics such as adhesion, hardness and friction 
and forming a less flexible lead segment with a greater mus t be consi dered in selecting core material and first 
axial mechanical force capability. coating. Aluminum, copper and nylon are well suited as 

A take-up or capstan drive 32 may be connected to 30 core 013160318 for with this invention. Other materi- 

the coated and conductive wire at this point. Take-up ^ be read ily apparent to those familiar with this 

32 may include a level wind means (not shown) and ^ Various geometric cross-sectional shapes are well 

torque motor (not shown) to maintain the tension on suite< J for tnis process, such as square, triangular, oval, 

conductive wires 30 and pull the coated core through crescent-shaped and a variety of other shapes. All such 

the manufacturing procedure as is known in the art. 35 core materials are referred to herein generally as a 

A gap between each conductive wire 30 is formed by "core" or "core wire" which is meant to mean an elon- 

the separation of the spools on rotor table 28 and varies gatable core member. Fluoropolymer coated core wire 

dependent on the speed of capstan drive 32 to the rota- mav te ^d to enhance release of the core from the first 

tional rate of rotor table 28. coating. Two methods of release are then available: (1) 

The conductive wires and coated core now may be 40 remove coated core in one step; or (2) remove core and 

directed to enter a crosshead extruder 34 which is a fluoropolymer coating as separate steps, 

piston extruder supplying a plastic coating compatible Generally, no release agent is necessary. A release 

with the first layer. A preferred procedure is to coat a fi ent may be used if needed with any particular tubing 

with the same plastic as was used in the first coating and core wire material combination chosen. Fluoro- 

selected from the coatings listed above. The outer coat- 45 polymer coating, as already stated, on a core wire is an 

ing 39 then passes through an oven or quench 36 as example of a suitable release agent. The polymer and 

required by the plastic chosen. Crosshead extruder 38 wire core may be pulled together or separately in the 

and oven or quench 40 are next shown in FIG. 1 to release and removal step. The number of spools 27 and 

illustrate the option for further in-line multiple coatings. conductors 30, as well as the dimensions and materials, 

When multiple coatings are utilized, attention must be 50 will vary depending upon the desired application of the 

made to their selection to assure mutual compatibility. lead. 

For example, a subsequent plastic coating must not be cvvniTtir* cyawdt c 

selected which has a higher melting temperature than SPECIFIC EXAMPLE 

that of a previous coating, unless special precautions are Core 10 is coated in a standard crosshead extruder 14. 

made in processing. . 55 The thickness of coating will be the total thickness 

The coated core wire structure is taken up by take-up specified for the inner layer of the tube. This example 

32 which also provides tension and pulling of the struc- uses annealed copper core 0.028 inches in diameter. It is 

hire, i.e, the coated wire during the process, as previ- coated with the organo-silicon polymer sold under the 

ously described. trademark SILASTIC ® to a diameter of 0.038 inches. 

The coated core wire structure is then cut to any 60 This makes the plastic coating 11 0.005 inches thick, 

predetermined desired length plus an additional Out of the crosshead extruder this material is taken-up 

amount, for example, one inch. One-half inch of coat- on capstan drive 26. At this point the material looks the 

ing, for example, is stripped from both ends of core wire same as a jacketed copper electrical wire. This material 

10 and discarded, shown schematically in FIGS. 3 and can be run any number of times through a crosshead 

4. The clamping means (not shown) is attached to one 65 extruder or in line multiple extruders if so elected. A 

end of the exposed core wire 10 while the other end is regular tube without the core could collapse from the 

anchored or otherwise held. The clamp is pulled to pressure of the crosshead extruder. Thoses pressures 

cause the core to elongate, for example, to about 80% of typically run up to 4000 psi. As long as melt points do 
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not conflict, any number of different materials may be 
layered. 

The coated core from extruder 14 and oven 24 is 
strung onto capstan drive 26, run through rotor table 
28, crosshead extruder 34, oven or quench 36 and on to 
take-up 32. Crosshead extruder 38 and oven quench 40 
are shown to illustrate in line multiple coating. Rotor 
table 28 has eight spools of 0.004 inch diameter stainless 
steel wire. The table is divided into ten equally spaced 
positions, with two groups of four spools separated by 
two gaps left in table 28. Equal tension is applied to all 
eight spools by means of a regulated air supply passing 
through a rotary air joint (not shown) in the table 
through a manifold to piston brakes (not shown) at each 
spool. Any number of spools will work. For example, 
up to fourteen have been used. Wire as small as 0.001 
inch diameter has been used. All eight wires are taped 
to the coated core with thin film tape e.g., Mylar 0.002 
inches thick. Take-up 32 includes a level wind means 
and torque motor (not shown). Capstan drive 26 and 
rotor table 28 are mechanically linked through a quick 
change gearbox (not shown) driven by a common 
motor (not shown). A DC constant torque motor with 
a line regulated solid state speed controller is satisfac- 
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tory. Many other drive means are acceptable such as a 25 pended claims, 
motor for the capstan drive 26 and a separate motor for 
the rotor table 28 with appropriate feedback to hold a 
precise relationship between the two. 

When producing pacemaker leads of a twenty-four 
inch length, the rotor table motor is stopped until over 30 
one inch of core material has passed the table. The rotor 
table is then started and run until twenty-four inches of 
core materia] have passed and the table is stopped again 
until over one inch of core material passes through the 
table. The process continues, such that twenty-four inch 35 
segments of pacemaker leads are formed, each having 
one inch on each end of conductor wires in parallel, 
rather than a coil shape. This maximizes the separation 
between the conductor wires to allow electrodes or 
other devices to be more easily connected. The pitch of 40 
the helices formed by the conductors can also be varied 
in each twenty-four inch section by merely altering the 
speed of the rotor table. 

In forming a body implantable lead with varying 
flexibility, the rotor table moves quickly for the first 45 
four inches following the formation of the one inch and 
segment. The conductor wires 30 are wrapped in a tight 
coil with approximately a 0.004 inch gap between each 
wire. The rotor table 28 is then slowed such that the 
conductors are wrapped in a helix of greater pitch, with 50 
about a 0.012 inch gap between each wire. The second 
end is run as described above with the rotor table 
stopped. The lead thus produced has a greater flexibility 
at the tightly coiled end than the more loosely coiled 
segment The tighter coils have a low axial mechanical 55 
force and are used as the distal or heart end of pace- 
maker leads. The more loosely coiled end has a higher 
axial mechanical force resulting in a stiffer lead which 
can be used as the proximal end of a pacemaker lead. 

The conductor wound coated core now enters cross- 60 
head extruder 34. For this coating 39, organo-silicon 
under the trademark SILASTIC®, a thermal cure 
material, is used. The finished diameter will be 0.056 
inches. From crosshead extruder 34, the core enters 
oven 36 to cure the initial layers of plastic. If the coating 65 
was a thermal plastic, a screw type extruder would be 
used, and a quench trough would be used in place of 
oven 36. From the oven, the finished tube structure is 



taken up on the take-up 32 and the tube is ready to be 
cut to length and the core can be pulled as already 
described. 

The finished product, which in this example has been 
made on a continuous process, has an inside diameter of 
0.028 inches and is held as precise as the copper core. 
Eight 0.004 inch diameter stainless steel wires precisely 
wound around the 0.038 inch diameter organo-silicon 
plastic wall and covered with organo-silicon plastic to a 
diameter of 0.056 inch are included in the resultant 
composite structure. The internal diameter of the lead 
has a very uniform lumen which gives precise flex char- 
acteristics. 

The body implantable lead thus formed has eight 
separately insulated conductor wires. Two gaps sepa- 
rate the eight wires into two groups of four. This allows 
the body implantable lead to be used as a two conductor 
lead with a redundancy factor of four. Attachment of 
electrodes or other devices to the end of the leads is 
made easier due to the conductors being substantially 
parallel at both ends. 

In considering this invention, it should be remem- 
bered that the disclosure is illustrative only, and the 
scope of the invention is to be determined by the ap- 



What is claimed is: 

1. A continuous process of forming a plurality of 
conductive body implantable leads each having a lumen 
of tight inside dimensional tolerances, comprising the 
steps of: 

providing a continuous core material; 
extruding a first layer of body-compatible non-con- 
ductive plastic material onto the core; 
winding a plurality of electrical conductors on the 
coated core such that each conductor forms a helix 
physically separated from each other conductor, 
the positioning and orientation of the conductors 
prior to being wound onto the coated core being 
evenly distributed about the circumference of the 
wire thereby to balance the tension forces applied 
to the structure as the conductors are wound; : 
extruding a coating over the electrical conductors 
and said coating with a second coating of body- 
compatible non-conductive plastic material, said 
second coating being compatible with said first 
coating and electrically insulating the individual 
conductors of such helix from each other; 
cutting the coated and conductive core material into 
lengths; and 

removing the core material from the first layer of 
plastic material. 

2. The process of claim 1 wherein the winding of said 
electrical conductors varies in pitch along each length 
of lead such that said conductors are substantially paral- 
lel at the ends of the length of said lead. 

varying the pitch of the helices formed by the electri- 
cal conductors at predetermined locations along 
the length of the coated core wire such that the 
conductors are substantially parallel at the ends of 
each length so as to be at a maximum physical 
separation from each other, and winding the con- 
ductors relatively tighter at one end of the length 
than the other end forming a length with greater 
flexibility at the tight end than the other end; 
coating an additional layer of a body-compatible 
non-conductive plastic material onto the conduc- 
tive coated core wire by means of a crosshead 
extruder and curing or quenching as required; 
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cutting said coated core wire into discrete lengths; 

pulling both ends of said core wire simultaneously to 
elongate said core wire reducing its cross-sectional * 
area freeing it from said plastic coating; and 

removing said core wire from said plastic coating to 5 
provide hollow body implantable leads. 

3. The process of claim 1 wherein the winding of said 
electrical conductors is varied at predetermined loca- 
tions along the length of the lead whereby varying 
flexibility characteristics are imparted to the length of 10 
said lead. 

4. The process of claim 1 wherein said electrical con- 
ductors are initially held in place on the coated core 
material by a thin film tape. 

5. The process of claim 4 wherein said thin film tape 15 
is composed of polyethylene terephthalate. 

6. The process of claim 1 wherein said electrical con- 
ductors are corrosion resistant 

7. The process of forming conductive body implant- 
able leads with a lumen of tight inside dimensional toler- 20 
ances comprising the steps of: 

extruding a continuous core wire of predetermined 
cross-sectional shape with a body-compatible non- 
conductive plastic materia] by means of a cross- 
head extruder; 25 

quenching or curing the plastic as required; 

winding a plurality of electrical conductors on the 
coated core wire such that each conductor forms a 
helix about the coated core wire physically sepa- 
rated from each other and extending along the 30 
length thereof; 

varying the pitch of the helices formed by the electri- 
cal conductors at predetermined locations along 
the length of the coated core wire such that the 
conductors are substantially parallel at the ends of 35 
each length so as to be at a maximum physical 
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separation from each other, and winding the con- 
ductors relatively tighter at one end of the length 
than the other end forming a length with greater 
flexibility at the tight end than the other end; 

extruding an additional layer of a body-compatible 
non-conductive plastic material onto the conduc- 
tive coated core wire by means of a crosshead 
extruder and curing or quenching as required; 

cutting said coated core wire into discrete lengths; 
and 

removing said core wire from said plastic coating to 
provide hollow body implantable leads. 

8. A method for manufacturing lengths of tubing 
having multifilar longitudinally extending helices sur- 
rounding a dimensionally controlled inner lumen 
therein, the method comprising the steps of: 

supplying a continuous strand of base wire from a 
wire dispenser; 

extruding a first layer of a plastic material over the 
base wire to form a coated tube; 

supplying a plurality of continuous filaments from a 
plurality of filament dispensers positioned at 
equally spaced intervals around a rotor table; 

connecting each of the filaments to the coated tube; 

transporting the coated tube at a first rate along a 
transport path through the center of rotation of the 
rotor table while rotating the rotor table about the 
transport path at a first rate to wrap the plurality of 
filaments into a plurality of helices, each of which 
is in spaced relation to the adjacent helices; 

extruding a second layer of a plastic material over the 
first layer and the filaments; 

cutting the material into lengths of tubing; and 

removing the base wire from each of the lengths of 
tubing to form the inner lumen. 

***** 
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